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(54) FRAME SYNCHRONIZATION SYSTEM BETWEEN BASE STATIONS OF MOBILE RADIO 
COMMUNICATION SYSTEM AND BASE STATION DEVICE EMPLOYING THIS SYSTEM 



(57) A frame synchronization system between base 
stations of a mobile radio communicatk)n system com- 
prising at least one main base statkm and a plurality of 
subsidiary base stations, wherein the main base station 
has a time information receiving means for receiving 
time information of high precision supplied from outside, 
a reference frame liming generating means for generat- 
ing a reference frame timing on the basis of the time 
Information, and a first control channel signal transmit- 
ting means for transmitting a control channel signal to 



the plurality of subsidiary base stations located syn- 
chronously with the reference frame timing, and the 
subsidiary base station has a local frame timing gener- 
ating means for generating a local frame timing based 
on tiie receiving timing of a control channel signal trans- 
mitted from tiie main base station or ottier subsidiary 
base stations, and a second control channel signal 
transmitting means for transmitting a control channel 
signal synchronously with the local frame timing. 
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Descrtptlon 

Technical Reid 

[0001] The present invention relates to a mobile com- 
munication system tor performing wireless communica- 
tion by connecting a base station and a mobile station to 
each other using a TDD (Time Division Duplex) system 
such as a digital personal handyphone system and a 
simplified type personal handyphone system. Mae par- 
ticularly, the present invention relates to a system for 
effectively utilizing wireless frequency by improving an 
inter-base-station freme synchronous system. 

Background Art 

[0002] Recently, a sinpllfied type personal handy- 
phone system (hereinafter, briefly called a PHS) using a 
micro cell has been developed as one of digital mobile 
communication systems. This simplified type personal 
handyphone system tends to be practical^ used in the 
near future. 

[0003] FIG. 1 is a view showing the basic construction 
of a conventional PHS. Plural PHS base stations CS1 to 
CSm are dispersively arranged in a service area. Wire- 
less zones Z1 to Zm caOed cells each having a radius 
from 100 to 500 meters are formed by these PHS base 
stations CS1 to CSm. Each of the PHS base stations 
CS1 to CSm Is connected to an integrated service dig- 
ital network (hereinafter, briefly called an ISDf^ ItMW 
having a PHS connecting device PM. 
[0004] Each of mobile stations PS1 to PSn is selec- 
tively connected to each of the PHS base stations CSI 
to ciSm through a wireless channel within the wireless 
zones Z1 to Zm formed by the above PHS base stattons 
CS1 to CSm. Each of the mobile stations PS1 to PSn is 
connected to each of wire telephones TEL1 to TELk 
through the above ISDN or this ISDN and a subscription 
phone network SNW from these PHS base stations 
CSI to CSm. Direct communication can be also per- 
formed between the mobile stations PS1 to PS2 by per- 
forming connecting control in the PHS base stations 
CSI. 

[0005] The PHS has a control center CC having a 
database, a customer information management data- 
base, etc. Inlbrmation relative to tiie above mobile sta- 
tions PS1 to PSn and the PHS base stations CSI to 
CSm are collected into this control center CC through 
the ISDN and a packet network PMW. Service manage- 
ment and control such as authentication, accounting, 
network management, etc. are performed on the basis 
of this information. 

[0006] The PHS adoptB a time division multiple 
access (TDMA) system as an access system between 
the PHS base stations CSI to CSm and the mobile sta- 
tions PS1 to PSn. Further, the PHS adopts a time divi- 
sion bidirectional multiplex (TDD: Time Diviston Duplex) 
system as a transmission system. 



[0007] For example, as shown In FIQ. 2, a frame of the 
TDMA-TDD system is constiucted by a forward link and 
a reverse link. In the forward link, four transmitting slots 
T1 to T4 are time-divided and multiplexed. In the 

5 rever&e link, four receiving slots R1 to fU are time- 
divkJed and multiplexed. One frame length is set to 5 ms 
and a transmission speed in transmisston and reception 
is set to 384 Msps. One slot lengtii Is set to about 625 
Msec and a transmission speed of Information per one 

10 slot is set to 32 kbps except for an error correction code, 
etc. 

[0008] In calling-out of each of the mobile stations 
PS1 to PSn. each of tiie PHS base stations CSI to CSm 
transmits timing information of the above TDMA-TDD 

IS frame to each of tiie mobile stations existing within the 
wireless zones Z1 to Zm off the PHS base stations CS1 
to CSm, and synchronizes transmisslon^reception tim- 
ing of each of the rTK>bile stations witfi transmis- 
sion/reception timing of its own station. In this state, an 

20 tile slot v^hin tiie frame and an klle wireless frequency 
are allocated to each of the mobile stations as a channel 
for communtoation. Thereafter, wireless communication 
is performed between each PHS base statton and each 
mobile station by using this channel for communication. 

25 Accordingly, with respect to each of the PHS base sta- 
tions CSI to CSm, the wireless communication can be 
peribnned such tiiat the plural mobile stations located 
witfiin the wireless zones Z1 to Zm of the PHS base sta- 
tions CSI to CSm are operated in synchronization with 

30 each other and do not come Into collision witti each 
other. 

[0009] However, in tiie PHS. each of the PHS base 
stations CSI to CSm generally generates the TDMA 
frame independentiy and performs the communication. 

38 Accordingly, no synchronization of ttie TDMA frame is 
performed between the PHS base stations CS1 to 
CSm. Therefore, there is a case in which an interfer- 
ence is caused between tiie plural base stations of 
which the wireless zones are adjacent to each other. 

40 For example, a transmitfing signal off the transmitting 
stot T1 of an adjacent base station CSa is received in 
the receiving slot R4 of a base station CSb between tiie 
base stations CSa and CSb performing communication 
In timing shown in FIG. 3. Therefore, an interference is 

45 caused in the slot R4 of the base station CSb. To avoid 
this interference, another slot must be used instead of 
tiie slot causing tiie interference, or a wireless fre- 
quency used in tiie slot causing the above Interference 
must be changed to anotiier frequency. 

so [0010] However, the number of slots of one frame is 
set to only four in each of transmission and reception. 
Therefbre. interference can not be avoided by changing 
tiie above slots in many cases so that tiie frequency 
change must be used. Namely, since no frames are syn- 

55 chronized with each other between the PHS base sta- 
tions, tiie channels for communication which originally 
usable become unusable. As a result, utilization effi- 
ciency of the communication channel is reduced. This 
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reductton is not very preferable since this reduction 
causes an inaease in lost-cat! rate when the number of 
subscribers is increased. 

[0011] Therefore, there are conventionally several 
propmals for synchronizing frames with each other 
between the PHS base stations. Rame synchronous 
systems provided by these proposals are first classified 
into a fixed connecting system and an autonomous con- 
necting system in view of synchronous connection. 

(A) Fixed connecting system 

[0012] This system is a system for predetermining 
from which base station a certain base station obtains a 
timing signal tor synchronization. Since a position of 
each base station is known, a propagation delay lime 
between the base stations can be approximately calcu- 
lated so that the delay time can be simply corrected. 
However, different data must be inputted and set to 
each base station. Further, when a new base station is 
arranged and an arranging position of the base station 
is changed, a drawback exists In that it is necessary to 
re-input and reset data every change. 

(B) Autonomous connecting system 

[0013] This system is a system for selecting a base 
station otrtaining a timing signal for synchronization on 
the basis of a certain constant rule. For example, tour 
base stations are selected in the order of larger receiv- 
ing levels and its average timing is selected. In this sys- 
tem, it is not necessary to input dWerent data every 
base station and it is possible to easily cope with situa- 
tions in which a new base station is arranged and its 
arranging position is changed. However, it is necessary 
to repeatedly make catoulations for determining timing 
until the synchronization of an entire system is con- 
verged. Further, it is difficult to correctiy known a delay 
time. 

[0014] Next, the frame synchronous systems are 
divided into a mutual synchronous system and a mas- 
ter-slave synchronous or master-slave and mutual 
hybrid synchronous system in view of a synchronous 
hierarchy. 

(1) Mutual synchronous system 

[001 5] This system is a system for determining frame 
timing of its own station based on a receiving signal 
from a mutually adjacent station without arranging a 
master station as a synchronous source. In tiiis system, 
problems exist in that it takes much time to converge 
synchronization since the base stations are mutually 
influenced, and a converging state is influenced by a 
delay tima 



(2) Master-slave synchronous or nraster-slave and 
mutual hybrid synchronous system 

[001 6] This system is a system in which a master sta- 

5 tion as a synchronous source is anranged and all other 
base stations (slave stations) are operated in synchroni- 
zation witii the master station. Perfect master-slave syn- 
chronization is set if all the base stations are operated 
by a synchronous hierarchy in synchronization with 

10 each other based on tiie timing of an upper hierarchy 
base station. Further, hybrW synchronization is set H all 
the base stations are operated in synchronizatton witii 
stations of the upper hierarchy and/or tiie same order 
hierarchy. For example, the master statton has a time 

IS measuring system using a satellite position measuring 
system (GPS) and determines a frame delimiter with a 
time signal obtained by this time measuring system as a 
trigger signal. In this system, synchronization is stable, 
but it is necessary to take measures, etc. tor a case in 

20 which tiie master statton is broken. 

[0017] Specif ic examples of synchronous systems by 
combining the above two classified systems are pro- 
posed in papers. Brief explanations and problems of 
these different synchronous systems will next be 

25 described. 

(a) Autonomous connecting mutual synchronous sys- . 
tern 

30 [0018] In this system, burst signals transmitted from 
each of plural surrounding base stations are received 
and a weighted average value of the rising timing of a 
frame/slot is calculated on the basis of a receiving elec- 
tric field intensity of this burst signal. Timing of the trans- 
35 mitted burst signal of its own station is delemiined on 
ttie basis of this calculated value '^nd Is transmitted. 
Each of the surrourvjing base stations also receives plu- 
ral burst signals and similarly calculates a weighted 
average value with the receiving electric fiekl intensity. 
40 and determines timing of the transmitted burst signal of 
Its own station from this calculated weighted average 
value. The above process is repeated until an enror in 
transmission timing of its own station converges within a 
certain constant range in each base station. 
4S [0019] This system is described in detail in "Y.Akaiwa 
et al: "Autonomous Decentralized Inter-base-statlon for 
TDMA Microcellular Systems" Proceeding IEEE VTC 
91. PP. 257-262. May 1991". 
[0020] In this system, each base station is autono- 
50 mously operated so that merits exist in that no control 
using a control center is required, etc. However, this 
system has the following various kinds of problems. (1) 
A dedicated receiver for nwnitoring tiie plurality of sur- 
rounding base stations at any time is required so that 
55 ttie base stations are large-sized and cost thereof is 
increased. (2) Time required in which ttie error is con- 
verged in frame timing between the base stations to a 
constant value Is Increased as the number of base sta- 
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tions is increased. (3) There Is a dfficult problem with 
respect to stability until frame timings of all the base sta- 
tions are converged by a repeating operation of the 
above process. (4) Since a correcting amount for cor- 
recting dispersion of tiie propagation delay time caused 
by the difference in distance between tiie base stations 
is a constant value, no frame timing precision can be 
secured after the convergence. 

(b) Fixed connecting mutual synchronous system 

[0021] This system is a system proposed such that 
defects of the above autonomous connecting mutual 
synchronous system are compensated. This system is 
basically the same system as this autonomous connect- 
ing mutual synchronous system. However, in tills sys- 
tem, each base station does not monitor all transmitting 
burst signals of ottier base stations around its own sta- 
tion, but nfX)nitors only plural base stations determined 
in advance and performs synchronization. Therefae, 
place coordinates of the base stations as monitored 
objects around Its own station and place coordinates of 
its own station are Inputted to each base station in 
advance. Each base station checks an ID number of the 
base station included in a received burst signal, calcu- 
lates the distance between both ttie base stations from 
the place coordinates of its base station and the place 
coordinates of its own base station, and determines 
transmitting frame timing of its own station by correcting 
tiie propagation delay time on the basis of this calcu- 
lated distance value. 

[0022] This system is described in detail in "H. 
Kazama et al: "Semi-Autonomous Synchronization 
among Base station for TDMA-TDD Convnuntcation 
systems", lEICE Tran& Ck>mmun.. Vbl. E77-B. pp. 862- 
867, July, 1994". 

[0023] In this system, con-ecting precision of the prop- 
agation delay time is improved so that merits exist in 
tiiat frame timing is extremely accurate after conver- 
gence. However, tfiis system has the following various 
Idnds of problems. Namely. (1) a dedicated receiver for 
monitoring a partner base station at any time is required 
80 tfiat tiie cost of a product is increased. (2) There is a 
difficult problem witii re^^^^ect to converging stabilit; 
since connection path becomes missing when this syn- 
chronous system is disturt)ed as in regional power sup- 
ply intentption. etc. (3) It is necessary to provide a large 
amount of individual information such as the correct 
place coordinates of surrounding l>ase stations, etc. to 
each base station In advance so that it is troublesome to 
manage tills information. 

(c) Autonomous connecting master-slave synchronous 
system 

[Q024] In this system, a master base station as a 
source in synciironous setting and slave base stations 
for receiving a transmitting burst signal of this master 



base station and performing synchronization based on 
tills burst signal are determined in advance. Furttier. 
slave base station groups are hierarchically formed. At 
the beginning of synchronization, the master station is 

s set to an uppermost hierarchy order and the slave sta- 
tions are set to lowermost Nerarchy order. Each base 
station is set to be operated in synchronization with sig- 
nals of upper stations higher tiian its own station among 
receiving signals. The systematic synchronization Is 

10 autonomously advanced by reducing the hierarchy of its 
own station from its upper station by one stage and 
resetting this hierarchy For example, the master base 
station as an uppermost station determines frame tim- 
ing on ttie basis of high precision time information from 

75 a GPS. 

[0025] This system is described in detail in "J. Chang: 
"Autonomous Time Synchronization Among Radio 
Ports in Wireless Personal Communications". IEEE 
Trans. VT, Vol. 43, No. 1, pp. 27-32, Feb. 1994". 

20 [0026] In this system, it is not necessary to perform 
mutual synchronization so that merits exist in that a syn- 
chronous converging time is shortened, etc. from M 
and (b). However, this system has the following various 
kinds of problems. Namely, (1) a dedicated receiver for 

2s monitoring surrounding base stations at any time is 
required and tiie hierarchy of its own station must be 
transmitted together with a synchronous signal at any 
time so that a product is large-sized and cost thereof is 
increased. (2) Measures for coping with problems in 

30 practical use (for example, a mettiod for coping wfth a 
case in which no master base station can transmit a sig- 
nal by an unexpected accident, etc.) are not dear. (3) 
When the number of hierarchies is increased, there is a 
limit in hierarchy since erors in propagating delay time 

35 increase wrtfi each ottier in accordance witti the dis- 
tance between the base stations. (4) Since repeat cal- 
culation must be carried out, synchronous convergence 
time is relatively longer. 

[0027] The autonomous connecting master-slave syn- 
40 chronous system among the above inter-base-station 
frame synchronous systems is most preferable since 
stable synchronizati'on can be expected and is not influ- 
enced by arranging a new base station and discontinu- 
ing a base station. However, in this autonomous 
46 connecting master-slave synchronous system, it is nec- 
essary to carry out operations of controlling and trans- 
mitting ttie synchronous hierarchy until convergence so 
ttiat the construction of tfie base station becomes com- 
plicated. 

so [0028] The inventors in this application proposed an 
inter-base-station frame synchronous system capable 
of solving ttiese disadvantages In Jpn. Pat Appln. 
KOICAI Publication No. 8-289359. 
[0029] However, in techniques of ttiis Jpn. Pat Appln. 

55 KOKAI Publication No. 8-289359. each base station 
generates frame timing of its own station in an arbitrary 
frame synchronous control period among plural frame 
synchronous control periods set in time division. There- 
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fae, when frame timing on an upper l^ase station is 
compteteiy generated, no generation processing of the 
frame timing can be started until the next frame syn- 
chronous control period is started. Accordingly, much 
time is required until synchronizations of all the k>a8e 
stations are performed. 

[0030] As explained above, the oonventionalty pro- 
posed inter-base-station frame synchronous systems 
have various kinds of disadvantagea 

Disclosure of Invention 

[0031 ] A first object of the present invention is to pro- 
vide an lnter<base-station frame synchronous system of 
a mobile communication system capable of simply per- 
forming frame synchronization between base stations 
by autonomous master-slave synchronization without 
using the control of a synchronous hierarchy, and also 
provide a base station apparatus applying tiiis system 
thereto. 

[0032] A second object of the present invention is to 
provide an Inter-base-station frame synchronous sys- 
tem of a mobile communication system capable of per- 
forming frame synchronization wittx)ut inten^upting 
communication when a base station is on communica- 
tioa 

[0033] A third object of tiie present invention is to pro- 
vide an inter-base-station frame synchronous system of 
a mobile communication system, which is litfle influ- 
enced by a propagation delay between base stations 
and a circuit delay witiiin ttie t>ase stations. 
[0034] To acNevetiie first object, an inter-base-station 
frame synchronous system of the present invention is 
comprises: plural base stations dispersiveiy arranged 
within a service area and connected to a communica- 
tion networK and having at least one master base sta- 
tion and plural slave base stations; and plural mobile 
stations wirelessly connected to ttie plural base stations 
by a time^ivision bidirectional multiplex system, 
wherein the master base station comprises: time infor- 
mation receiving means for receiving time infomiation 
with high precisiun externally supplied; reference frame 
timing generating means for generating reference frame 
timing for the time-division multiple connection in syn- 
chronization witti predetermined synchronous setting 
timing set on the basis of the time information; and first 
\ control channel signal fransmitting means for transmit- 
\ ting a control channel signal to the plural slave t>ase sta- 
tions focated around its own station in synchronization 
with the reference frame timing, wherein the slave base 
stations comprise: conti-ol channel signal observation 
period setting means in wtvch a predetermined period 
from a first receiving time point of a control channel sig- 
nal transmitted from the master base station or other 
slave base stations is set to a control channel signal 
ok>servation period; its own station frame timing gener- 
ating means for generating its own station frame timing 
on the basis of receiving timing of tiie control channel 



signal transmitted from the master base station or one 
of the otfier slave base stations when only this oontrol 
channel signal is received during the control channel 
signal observation period set by tiie control channel sig- 

5 nal observation period setting means, the its own sta- 
tion frame timing generating means also generating its 
own statfon frame timing on tiie basis of one of receiving 
timings of control channel signals respectively transmit- 
ted from the master base station or plural slave base 

10 stations among tiie ottier slave base stations when 
ttiese control channel signals are received during ttie 
control channel signal observation period; and second 
control channel signal transmitting means tor transmit- 
ting each control channel signal in synchronization with 

15 tiie its own station frame timing after tiie control channel 
signal observation period is terminated. A base station 
apparatus dispersiveiy arranged wittiin a sen^ice area 
and used as a slave base station among plural base sta- 
tions wirelessly connected to plural mobne stations by a 

20 time-division bidirectional multiplex system, the base 
station apparatus according to the present invention 
comprises: control channel signal observation period 
setting means in which a predetermined period from a 
first receiving time point of a oontrol channel signal 

25 transmitted from ottier base stations is set to a oontrol 
channel signal observation period; its own station frame 
timing generating means for generating its own station 
frame timing on the basis of receiving timing of ttie con- 
trol diannei signal transmitted from one of tiie ottier 

so base stations when only ttiis control channel signal is 
received during ttie control channel signal observation 
period, ttie its own station frame timing generating 
means also generating its own station frame timing on 
tiie basis of one of receiving timings of control channel 

35 signals respectively transmitted from plural base sta- 
tions among the other base stations when ttiese control 
channel signals are received during ttie control channel 
signal observation period; and oontrol channel signal 
transmitting means fa transmitting each control chan- 

40 nel signal in synchronization with the its own station 
frame timing after ttie control channel signal observa- 
tion period is terminated. 

[0035] In each of ttie above slave base stations, the its 
own station frame timing generating means generates 

45 its own station frame timing in synchronization witti ttie 
frame timing of a most advanced phase among plural 
frame timings based on ttie respective receiving timings 
of ttie control channel signals respectively transmitted 
from ttie master base station or plural slave base sta- 

50 tions among the other slave t)ase stations when these 
control channel signals are received during ttie control 
channel signal obsen/ation period. In this system, when 
ttie control channel signals respectively transmitted 
from ttie master base station or plural slave base sta- 

55 tions among tiie other slave base stations are received, 
ttie frame timing of a most advanced phase among ttie 
plural frame timings based on the respective receiving 
timings of these control channel signals Is discriminated 
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generating means desirably generates its own station 
frame timing based on the receiving timing of only a 
conlrol channel signal to which information showing that 
the communication between base and mobile stations is 
performed or information pmhibrting becoming to refer- 
ence of the frame synchronous control, is not added. 
^ Further, the frame synchronous system further com- 
prises talldng connection request reception inhibiting 
means tor inhibiting the reception of a talldng connec- 
I tion request in at least a frame synchronous control 
I period. 

[0044] In accordance with such means, when the ordi- 
nary frame synchronous control period is started on 
communication, communication is preferentially per- 
il formed and the frame synchronous control is performed 
after this communication is terminated. Therefore, no 
disadvantages of intennediate intenuption of the com- 
munication are caused. Further, extending information 
of the starting of the frame synchronous control is con- 
tained to a control channel signal from a slave base sta- 
tion in which the base station is on communication and 
so tiie starting of the frame synchronous control is 
extended. This information is then transmitted from this 
slave base station. Therefore, in surrounding slave base 
^ stations, the above control channel signal, i.e., a signal 
^ showing that no frame synchronization is terminated. 
^ can be removed from a signal for the frame synchroni- 
zation. Thus, its own station frame timing can be gener- 
ated in correct timing at any time. 
[0045] To achieve the ttiird ot)ject. the inter-base-sta- 
tion frame synchronous system of the present invention 
has timing aidjusting means In tiie second control chan- 
nel signal transmitting means of a slave base station. In 
this timing ^justing means, transmitting timing of the 
control channel signal is variably set on the basis of 
supposed delay information. 
[0046] The timing adjusting means variably sets ttie 
transmitting timing such that a total time of a supposed 
propagation delay time from a base station transmitting 
the confrot channel signal to its own station, a detecting 
time required from a receiving time point of this control 
channel signal to the detection of frame timing shown by 
this control channel signal, a generating time required 
from a detecting time point of this frame timing to ttie 
generation of its own station frame timing, and a trans- 
mitting time until the comrol channel signal is transmit- 
ted in synchronizatton with this generated Its own 
1 station frame timing, is an substantially integer times a 
frame period. 

[0047] In tills case, tiie propagation delay time is fix- 
edly set to zero or a predetemnined value in each slave 
base station. Ottierwise. the propagation delay time is 
set to be indefinite. The timing adjusting means pre- 
sumes the propagation delay time of ttie control channel 
signal used to generate its own station frame timing on 
^ the basis of a receiving level of the received control 
channel signal. Further, it is possible to apply a system 
for presuming ttie propagation delay time of the control 



channel signal on ttie basis of a receiving level of ttie 
control channel signal used to generate frame timing, 
and information showing a tiansmrtting level transmitted 
from a base station on a transmitting side in ttiis control 

B channel, or information of tiie transmitting level corre- 
spondingly stored to this base station in preset transmit- 
ting level information every time ttie control channel 
signal used to generate the frame timing is received. It 
is desirable, when the propagation delay time of tills 

10 control channel signal is presumed on ttie basis of only 
ttie receiving level of tiie control channel signal, ttie 
transmitting level of the control channel signal Is set to 
ttie same level in each of the master base station and 
ttie slave base stations. Furttier. ttie timing adjusting 

iS means presumes ttie propagation delay time of ttie con- 
trol channel signal used to generate Its own station 
frame timing on the basis of a receiving level off ttie 
received control channel signal and information show- 
ing a transmitting level transmitted from a base station 

20 on a transmitting side in tills control channel signal, and 
transmitting level information storing means for storing 
transmitting level information showing a transmitting 
level of ttie control channel signal in each of ttie plural 
base stations, wherein in the received conlrol channel 

25 signal used to generate its own station fifame timing, the 
timing actjusting means judges ttie transmitting level of 
ttie received control channel signal witti reference to ttie 
transmitting level Information stored to ttie transmitting ' 
level infbmiation storing means on ttie basis of discrim-' 

$0 inating information of a base station on a transmitting 
side transmitted from the base station on tiie transmit- ' 
ting side in the control channel signal, and presumes 
ttie propagation delay time of tills control channel signal 
from the transmitting level and tiie receiving level. 

35 [0048] In accordance with such means, tiie timing 
adjusting means is arranged In the second conttol chan- 
nel signal transmitting means of each slave base sta- 
tion, and the transmitting timing of ttie control channel 
signal Is variably set by this timing adjusting means on 

40 ttie basis Of the supposed delay infonnation. Therefore, 
ttie frame synchronization can be perfomfied wltti higher 
precision in consideration of a propagation delay 
between base stations and a circuit delay generated 
within ttie base stations. 

46 [0049] As mentioned above in detail, tiie inter-base- 
station frame synchronous system of ttie present inven- 
tion has at least one master base station and plural 
slave base stations arranged around this master l>ase 
station. In ttie master base station, reference frame tim- 

50 ing tor a time division bidirectional multiplex is gener- 
ated in a predetennined synchronous setting time 
intermlttentiy set on the basis of high precision time 
infonnation externally received. A predetennined con- 
trol channel signal is transmitted to ttie above slave 

55 base stations located around its own station in synchro- 
nization witti ttiis generated reference frame timing. Fur- 
ttier, in each slave base station, only signal reception is 
performed for all times in a frame synchronous control 
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[0056] FIG. 4 is a layout plan of base stations in a 
mobile communication system in accordance with one 
embodiment of tfie present invention. 
[0057] In FIQ. 4. a service area of this system is 

divided into smaO sennce areas 01 . G2 One master 

station CS1. CS2. .... and many slave base stations 

CS100. CS200 are arranged in each of these small 

service areas Q1. 02 Arranging positions of the 

master base stations CS1. CS2 are set to be 

approximately located in central portions of the small 
service areas 01. 02, .... 

[0058] The above master base stations CS1 . CS2 

and the respective slave base stations CS100, CS200, 
.... form wireless zones each having a radius from about 
100 to about 500 m. Wireless transmission using a 
TDMA-TDD system is performed between these base 
stations and unillustrated mobile stations existing within 
these wireless zones. Each of the above base stations 
is connected to an unillustrated ISDN as one digital pub- 
lic network through an ISDN subsaiber line, and is fur- 
ther connected to an unillustrated control center of this 
system through this ISDN. The control center performs 
management and control such as registar, authentica- 
tion, accounting processing, etc. with respect to the 
mobile station subscribing to this system. 
[0059] When this system is a system for a business 
place, each base station is connected to a digital private 
branch exchange through a digital extension. 
[0060] The above master base stations CS1.CS2...., 

and the slave base stations CSIOO. CS200 are 

respectively constructed as follows. 
[0061] FIG. 5 is a block diagram showing each of cir* 
cuit constructions of the master base stations CS1, 
CS2. .... among these base stations. Each of the master 
t>ase stations CS1. CS2, .... is constructed by a trans- 
mittlng/ireceiving section 10. a control section 30 and a 
reference frame timing signal generating device 40. 
[0062] For example, the transmitting/receiving section 
10 has two antennas 11a. lib to perform space diver- 
sity. A wireless modulating wave signal from the mobile 
station received by these antennas 1 la. 1 lb is selected 
by an antenna ch&nger 12 and is then inputted to a 
receiving circuit 14 through a transmission/reception 
changer 13. In the receiving circuit 14, the above wire- 
less niKxiulating wav<) signal is mixed with a local oscil- 
lating siffud conesponding to a wireless channel 
generated from a frequency synthesizer 15 and is con- 
verted to an intermediate frequency signal. This 
received intennediate frequency signal is digitally 
demodulated by a demodulator 16 and is then sepa- 
rated in a time-division muttiplex/separation circuit 17 
every slot Error conrecting decoding processing and 
vofoe decoding processing of this separated demodulat- 
ing signal are performed by a decoding circuit 18 so that 
regenerated voice data are transmitted to an ISDN Rne. 
[0063] In contrast to this, voice encoding processing 
and error connecting encoding processing of the voice 
data transmitted from the ISDN line are perfonned by an 



encoding circuit 19 and are then inputted to the time- 
divlsfon multiplex/separation dtouHlt 17. In this time-divi- 
sion multiplex/separation circuit 17. the votee data are 
slot-multiplexed together with voice data of another 

5 channel. These multiplexed transmission data are input- 
ted to a modulator 20. are converted to a digital modu- 
lating signal in this modulata 20 and then are inputted 
to a transmitting circuit 21 . In the transmitting drcuit 21 . 
the above digital modulating signal Is mixed with the 

10 local oscillating signal corresponding to the wireless 
diannel generated from the frequency synthesizer 15 
and is frequency-converted to a wireless modulating 
wave signal. This wireless modulating wave signal is 
supplied tothe antennas 11a. lib through the transmis- 

IS sionAeception changer 13 and the antenna changer 12 
and is transmitted toward the mobile statfon from these 
antennas 11a, lib. 

[0064] The reference frame timing signal generating 
device 40 receives time inlbrmatlon transmitted from a 

20 system capable of obtaining time information with high 
precision. e.g.. a satellite positfon measuring system 
(GPS). The reference frame timing signal generating 
devfoe 40 generates a frame timing signal as a refer- 
ence at a predetermined time on the basis of this 

25 received time information. Here, a generating time of 
this reference frame timing signal is set in a time zone 
providing a lowest communication traffic in a master 
base station. For example, tills generating time is selec- 
tively set to two o'cfock in the morning. Namely, ttie ref- 

30 erence frame timing signal generating device 40 
refreshes and generates reference frame timing every 
anival at two o'clock every day. 
[0065] The control section 30 has a clock^control cir- 
cuit 31 . a dock synchronous extracting drcuit 32. a tinv 

35 ing clock generating drcuit 33 and a frame timing 
detectton/oontirol circuit 34. 

[0066] The dock/control drcuit 31 receives a control 
signal from the control center and the mobile station and 
controls tiie operation of an entire base station. The 

40 dock^control drcuit 31 also has a function for receiving 
time information in a preset period from the control 
center and performing a timing operation based on tiiis 
time infomriation. The above time infbnnation is used to 
set tiie synchronous setting period, ete. and does not 

46 require high predsion as in time infonnation with high 
predslon used to generate the reference frame timing 
signal by ti)e above reference frame timing signal gen- 
erating device 40. Accordingly, tiiere is no problem witii 
respect to a delay time from the control center to the 

so base station through tiie ISDN. 

[0067] For example, the dock synchronous extracting 
drcuit 32 is constructed by a PIL drcuit and generates 
a dock frequency in synchronization with a signal dock 
transmitted from tiie ISDN through tiie ISDN line. At tills 

55 time, tiie frequency of clocks sent from the ISDN to ttie 
respective ISDN lines are synchronized so tiiat all tfie 
base stations can be operated by the same dock fre- 
quency. 
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[0068] The frame timing detection/corrtrol circuit 34 
sets reference frame timing in synchronization with the 
reference frame timing signal generated from the above 
reference frame timing signal generating device 40. 
[0069] The timing dock generating circuit 33 Is clock- s 
synchronized with the clock extracted from the atx>ve 
dock synchronous extracting drcuit 32. and generates 
an Internal operating dock of the master base stations 
In synchronization with the reference frame timing gen- 
erated in the above frame timing detection/control drcuit io 
34. 

[0070] When the reference frame timing is set in the 
eba\fB frame timing detection/control circuit 34, each of 
the master base stations CS2. .... transmits a con- 
trol channel signal on the basis of the control of the is 
dock/iconfroi circuit 31 toward surrounding slave base 
stations In timing synchronized wHh the above reference 
frame timing. 

[0071 ] RQ. 6 is a block diagram showing each of dr- 
cuit constructions of the slave base stations CS100, 20 

CS200 In FIG. 6, the same portions as FIG. 5 are 

designated by the same reference numerals and a 
detailed explanatkm thereof is omitted in the fr)tlowing 
description. 

[0072] Each of the slave base stations CSlOO, 2s 
CS200, has a fransmitting/recerving section 10 and a 
confrol section 50. The control section 50 has a 
dockfconlrol circuit 51, a dock synchronous extracting 
drcuit 52» a timing dock generating drcuit 53 and a 
frame timing detection/contrd drcuit 54. 30 
[0073] Similar to the dock/control drcuit 31 of each of 

the above master base stations CS1. CS2 tiie 

dock/confrol drcuit 51 receives a control signal from the 
control center and tiie mobile station and oonfrols the 
operation of an entire base station. The dock/control ss 
circuit 51 also receives time information in a preset 
period from tiie control center and perfams a timing 
operation based on tills time information, and sets a 
constant period from two o'dock in the morning to the 
frame synchronous control period. Furtfier, the 4o 
dock/confrol drcuit 51 has a talk connecting request 
reception Inhibiting function for inhbiting tiie reception 
of a talk connecting request generated during a frame 
synchronous control period and preventing communica- 
tion from being started during :;«e frame synchronous 4e 
confrd period. 

[0074] Similar to the dock synchronous extracting dr- 
cuit 32 of each of the above master base stations CS1 , 
CS2, .... the dock synchronous extracting circuit 52 
generates a dock frequency in synchronization witii a so 
signal dock fransmitted from an ISDN through an ISDN 
line by using a PLL drcuit. 

[P075] The frame timing detection/control circuit 54 
has a setting function of a control channel signal ot>ser- 
vation period and a setting function of frame timing of its ss 
own station. 

[0076] Here, in the setting function of ttie control chan- 
nel signal obsen^on period, after the beginning of the 



frame synchronous contrd period, two o'dock in the 
morning, tiie control channel signal observation period 
is started from a time pdnt at wtiich a control channel 
signal transmitted from another base station OS Is first 
received. For example, as shown In FIG. 7, a time lengtti 
of this confrol channel signal observation perkxi is set to 
be longer than a transmitting period (e.g. . 1 00 ms) of ttie 
control channel signal (e.g.. several times to several ten 
times the transmitting period of ttie control channel sig- 
nal). 

[0077] In tiie setting function of the frame timing of its 
own station, ttie frame timing of its own station is gener- 
ated on ttie basis of reception timing of ttie confrol chan- 
nel signal In the control channel signal obsen/ation 
period. In tills case, when confrol channel signals from 
plural base stations are receiveii, one control channel 
signal Is seleded Irom ttiese confrol channel signals 
and the frame timing of its own station is set on the 
basis of reception timing of this selected control channel 
signal. 

[0078] Similar to the timing dock generating drcuit 53 

of each of ttie above master base stations CS1. CS2 

ttie timing dock generating drcuit 53 is dock-synchro- 
nized with the dock extraded by the above dock syn- 
chronous extrading drcuit 52, and generates an 
internal operating dock of ttie slave base stations in 
synchronization witti reference frame timing generated 
in the above frame timing detection/contrd drcuit 54. 
[0079] Further, the dock^control drcuit 51 has a trans- 
mitting control function of a control channel signal for 
setting frame timing. In ttiis fransmitting control frjnction. 
when the frame timing of its own station is set in the 
above frame timing detection/control circuit 54, ttie con- 
M channel signal for setting ttie frame timing is trans- 
mitted to surrounding slave base stations in timing 
synchronized witti ttiis frame timing of its own station. 
The transmitting confrd function of tills control channel 
signal Is consfructed in detail by a confrol channel signal 
generating function and a transmissfon timing adjusting 
functioa In tiie confrol channel signal generating func- 
tion, the confrol channel signal Is generated in a prede- 
termined fam including ID of its own station and 
information showing whether or not tills station is on 
communication, etc. In ttie transmission timing adjust- 
ing function, tiBnsmissfon timing of ttie confrol channel 
signal generated by this control channel signal generat- 
ing function is adjusted to optimum timing in which a 
propagation delay of the confrd channel signal between 
the base stations and a drcuit processing delay wittiln 
the base stations, etc. are optimum. 
[0080] The inter-base-station frame synchronous sys- 
tem of ttie system having the above construction will 
next be explained. Here, a small service area G1 

among ttie small sendee areas Q1. 02 shown In 

FIG. 4 will be explained as an example. FIGS. 7 to 10 
are timing charts used to explain an operation of this 
inter-base-station frame synchronous system. 
[0081] First, in a master base station CS1, when a 
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time shown by high precision time information transmit- 
ted from a OPS is two o'ciock in the moming as a syn- 
chronous setting time, a reference frame timing signal Is 
generated In the reference frame timing signal generat- 
ing device 40 as shown in FIG. 7(a). Thus, a frame in 
the master base station CS1 is set as shown in FIG. 
7(b) In the frame timing detection/control circuit 34 on 
the basis of the above reference frame timing signal. For 
exanple. as shown In FIG. 7(c), a control channel signal 
is generated in timing synchronized with this frame and 
is transmitted to surrounding slave base stations 
CS100. CS101 

[0082] For example, as shown in FIG. 8, a transmitting 
period of this control channel signal is set to a period of 
20 frames, i.e.. 100 ms. Further, as shown in FIG. 8, a 
CS-ID signal showing a base station number and an 
additional bit are Included In the control channel signal. 
[0083] in contrast to this, a frame synchronous control 
period is started in each of the slave base stations 

CS100. CS101 when the present time docked in the 

ck)ck/control circuit 51 becomes two o'clock in the 
maning as the above synchronous setting time. Each 

of the slave base stations CS100. CS101 is first set 

to a mode for perfbmilng only signal reception in all peri- 
ods including a fonvard link of a TDMA frame when the 
frame synchronous control period is started. In this 
frame synchronous control perkxi. synchronization 
spreads from the master base station CS1 to the sur- 
rounding slave base statkm. This frame synchronous 
control period desirably Includes a period from the mas- 
ter base station CS1 until synchronization reaches a far- 
thest base station. However, this period may be 
sequentiany terminated from base stations in which 
synchrontzatk)n is temiinated. 
[0084] It is now assumed that a wireless zone of the 
master base station CS1 Is set to G10 of FIG. 4. In tNs 
case, a control channel signal for setting frame timing 
transmitted from the master base station CS1 is 
received in each of slave base stattons CS100 to CS104 
located within the above wireless zone G10. 
[0085] When a control channel signal at a constant 
level or more is first received after the frame synchro- 
nous control period is started, the clock/control circuit 
51 sets a constant period from tt^s timing to an observa- 
tion period of the cc.itrol channel signal in each ?f the 
slave base stations CS100 to CS104. and stores recep- 
tion timing of the control channel signal. Here, the 
observation period of the control channel signal is desir- 
ably set to be longer than a transmitting intenml (100 
ms) of the control channel signal. 
[0086] When the control channel signal ot)servation 
period is terminated, the frame timing detection/control 
circuit 54 selects suitable one of timings stored to the 
clock/control circuit 51 . The frame timing detection/con- 
trol circuit 54 corrects the frame timing of its own station 
such ttiat this frame timing of its own station is synchro- 
nized with the selected timing. The frame timing detec- 
tion/control circuit 54 then peribrms a frame 



synchronous operation. When the frame synchronous 
operation has been performed, all receiving nxxles are 
released and the control channel signal Is transmitted In 
synchronization witti the set frame timing. At this time. 

5 the control channel signal in each of the slave base sta- 
tions CS100 to CS104 belonging to which frame Is a 
frame among 20 frame periods is set at random. There- 
fore, collision probability of the control channel signal in 
each slave base station on a wireless line Is low. When 

w control channel signals come into collision with each 
other, the control channel signal Is reset In a conre- 
spending base station. 

[0087] When the above slave base stations CS100 to 
CS104 transmit the control channel signals, these con- 

15 trol channel signals are received in other slave base sta- 
tions ananged within wireless zones of the respective 
slave base stations CS100 to C8104. Ftor example, as 
shown in FIG. 4, a control channel signal transmitted 
from tiie slave base station CS101 Is received by each 

20 of Slave base stations CS1 1 0 to CS112 existing within a 
wireless zone G11 of this slave base station CS101. 
SImllariy. a control channel signal transmitted from the 
slave base station CS104 is received by each of slave 
base stations C8105 to CS107 existing within a wire- 

25 less zone G12 of this slave base station CS104. 

[0088] In each of these slave base stations CS1 1 0 to 
CS1 12 and CS105 to CS107, ttie control channel signal 
transmitted from each of the slave base stations CS100 
to CS104 is first received after the frame synchronous 

30 control period is started. Then, the frame synchroniza- 
tion is perlbmied and the control channel signal Is trans^ 
mitted by operations similar to those of tiie slave base 
stations CSlOOto CS104. 

[0089] When the respective slave base stations 
35 CS110 to CS112 and CS105 to CS107 transmit the 
camo\ channel signals, these control channel signals 
are respectively received in other slave base stations 
arranged vinthin wireless zones of the slave base sta- 
tions CS1 1 0 to CS1 1 2 and CS1 05 to CS1 07. For exam- 
40 pie, as shown in FIG. 4. a control channel signal 
transmitted from a slave base station CS1 1 1 is received 
by each of slave base stations CS1 13. CS1 14 existirig 
within a wireless zone G13 of tills slave base station 
CS111. 

45 [0090] Similarly, a control channel signal transmitted 
from a slave base station is sequentially transmitted to 
slave base stations farther than this slave base station 
and tiie frame synchronization is pertomied in synchro- 
nization witii this received control channel signal. 

so [0091 ] Namely, in each slave base station, the Nerar- 
chy of its own station is autonomously set in accordance 
with a distance from each of tiie master base stations 
CS1 . CS2, Thus, the frame synchronous operation is 
performed by the autonomous connecting master-slave 

55 synchronous system. 

[0092] Each slave base station ImmetRatdy starts the 
frame synchronous operation if the frame synchroniza- 
tion of an upper base station is peribrmed and a control 



11 



21 



EP0903873A1 



22 



channel signal transmitted from this base station is 
received. Accoidinaty. in comparison with Jpn. Pat. 
Appln. KOKAI Publication No. 8-289359. the frame syn- 
chronous operation can be efficiently performed and it is 
possible to shorten a time required until the frame syn- 
chronizations of ail the base stations are performed. 
[0093] In the frame synchronous system in this 
embodiment, the foiowing various kinds of character- 
ized controls are performed when the above frame syn- 
chronization setting operation is performed. First, a 
setting function of the frame timing of its own station will 
be explained when control channel signals from plural 
base stations are received. 

[0094] For example, only a control channel signal of 
the master basB station CS1 is received In slave base 
stations CS103. CS104 located within the wireless zone 
QIC of the master base station CS1 (transmitting delays 
xia, y14 are respectively caused). Therefore, only one 
kind of frame timing can be taken as shown in each of 
FIQS. 7(g) and 7(k). Accordingly, as shown in each of 
FIQS. 7(e) and 7(1), in the sieve base stations USIOS. 
CS104, the frame timing of its own station is synchro- 
nized with receiving frame timing based on the control 
channel signal of the master base station CS1 . 
[0095] IHowever, as shown in each of FIQS. 7(h) and 
7(1). when the slave base stations CS103, CS104 begin 
to transmit control channel signals, a slave base station 
CS107 existing in a position relatively near these slave 
base statfons CS103, CS104 receives the control chan- 
nel signals (transmitting delays x37, x47 are respec- 
tively caused) transmitted from the above respective 
slave base statfons CS103, CS104. Aocordingty, as 
shown in FIG. 7(o), two kinds of frame timings can be 
taken. Therefore, the slave base station CS107 detects 
a receiving level of each of the received control channel 
signals and selects a control channel signal having a 
larger receiving level. The frame timing of its own station 
is set on the basis of reception liming of this selected 
control channel signal and the control channel signal is 
transmitted in timing synchronized with this frame tim- 
ing. For example, if the receiving level of the control 
channel signal of the slave base station CS103 is larger 
in the slave base station CS107. the slave base station 
CS107 connects the frame timing of its own station such 
that this frame timing of its own station is synchronized 
with the reception timing of the control channel signal of 
the slave base station CS103 as shown in FIG. 7(m). 
Further, the slave base station CS107 transmits the 
control channel signal in synchronization with the cor- 
rected frame timing of its own station as shown in FIG. 
7(P). 

[0096] A method for calculating an average value of 
the reception timing of each control channel signal and 
setting the frame timing of its own station based on this 
average value, and a mettiod for calculating an average 
multiplied by a weight at a receiving level are consid- 
ered as another its own station frame timing setting 
function when plural control channel signals are 



received. 

[0097] Further, there is a method for selecting a path 
of synchronization considered as a shortest distance. 
Namely, this method selects a path of synchronization 
6 in which a signal reaches In earliest timing seen in a 
frame unit 

[0098] This method will next be explained with refer- 
ence to FIG. 9. As mentioned above, the control chan- 
nel signal of a slave base statfon CS103 is delayed by a 

10 transmitting delay x37 as shown in FIGS. 9(a) and 9(b) 
and is received a slave t>ase station CS107. The con- 
trol channel signal of a slave base station CS104 Is 
delayed by a transmitting delay t47 as shown in FIQS. 
9(c) and 9(d) and is received by ttie slave base station 

IS CS107. 

[0099] In the example of FIG 9, tfie control channel 
signal of the slave base station CS104 is received ear- 
lier in time. However, when these control channel sig- 
nals are seen in repetitfons of the frame unit these 

20 control signals are provk:led as shown in FIG. 9(f). In 
tills case, it is difficult to judge which one of these con- 
trol channel signals reaches earGer within a frame In 
accordance with a frame delimiter of the slave base sta- 
tion CS107. However, the difference in timing between 

25 these control channel signals is about 3.3 »i8 when the 
difference between signal paths connecting l^ame syn- 
chronizations to each otfier \n synchronization is 1 ton. 
Accordingly, tiie difference in reception timing between 
the control channel signal of the slave base station 

30 CS1 03 and tiie control channel signal of tiie slave base 
station CS104 is sufficiently small seen from a frame 
interval (5 ms). Therefore, it can be saki that the recep- 
tion timings of tiie respective control channel signals are 
set in a gathering state within a short time within tiie 

35 frame. 

[01 00] Therefore, earliest reception timing among ttie 
reception timings in ttie gathering state is set to timing 
having a smallest delay from ttie frame timing of ttie 
master base station CS1 so that synchronization is per- 

40 formed in this timing. As an example of concrete realiza- 
tion, timing having the same interval (5 ms) as ttie frame 
and shifted by a half frame from a starting time point of 
the control channel signal obsen^on period is set as a 
delimrter tor timing measurement, as shown in FIG. 

45 9(g). When the control channel p<gnal observation 
period is terminated, timing able to be judged as earliest 
timing wittiin tills delimiter is selected and is set to frame 
timing of its own station. 

[9101] It is desirable that the delimiter for timing meas- 
50 urement is shifted by a half frame from ttie center of a 
continuing period in the gathering state of ttie reception 
timings. However, a continuing time of the gattiering 
state of the reception timings is suff identiy shorter than 
ttie frame interval. Accordingly, no shifting amount from 
55 ttie center of a continuing period in ttie gathering state 
may be strictty set to a half frame value. Therefore, ttils 
shifting anwunt may be approximately set to ttie half 
frame value. As mentioned at)ove, the delimiter may be 
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determined with the etarting time point of the controi 
channel eionai observation period, i.e.. a first controi 
channel signal receiving time point as a reference. 
[0102] A function for correcting the propagation delay 
of the control channel signal between the base stations 
and the circuit operating delay caused within the base 
stations will next be explained. FIG. 10 is a timing chart 
for explaining this function. 

(0103] H is now considered that the frame synchroni- 
zation of a base station CSb Is performed on the basis 
of the control channel signal of another base station 
CSa. In this case, transmission timing of tfie control 
channel signal of tiie base station CSa is provided as 
shown in FIQ. 10(a) seen from an antenna end. This 
signal is delayed a delay D2 during propagation and 
reaches the antenna end of the base station CSb in tim- 
ing of FIQ. 10(b). This signal goes through the receiving 
circuit 14. the denriodulator 16. eta and is then inputted 
to the frame timing detection/control circuit 54. (n this 
frame timing detection/control circuit 54, this signal is 
detected in timing of FIQ. 10(c) as frame timing. A time 
D3 from the reception of this signal at the antenna end 
to the detection of the frame tim'ng is a delay time on a 
receiving side. 

[0104] A time shift from this detection of the frame tim- 
ing to the generation of a frame timing signal is set to 
D4. This time shift 04 is relative to an adjusting value of 
the delay time described later. For example, a frame 
intenml is set to 5 ms. The control channel signal is gen- 
erated In tinring of FIQ. 10(e) in accordance with frame 
synchronous timing of its own station shown in FIG. 
10(d). Accordingly, a time from FIQ. 10(c) to FIQ. 10(e) 
is D4+5msxi. Here, i is an integer. A del^ time D5 on a 
transmitting side is a time required until a code of this 
controi channel signal is transmitted to air in timing 
shown in FIQ. 10(f) from ends of the antennas 11a, 1 lb 
through the modulator 20. tiie transmitting circuit 21, 
et& Here, the control channel signal is generated in sta- 
tion shown in FIQ. 10(d). However, if It takes time to 
generate this controi channel signal, this time is added 
to the delay time D5 as a delay time on the transmitting 
side. 

[0105] Signal phases shown in FIQS. 10(a) and 10(f) 
are desirably set to the same phase in view of the frame 
syndvontzation. Namely, tiie generating time difference 
DT between these control channel signals Is desirably 
set to an integer times the frame period 5 ms. Namely, it 
is sufficient to set (D2-i-D3-i-D4i^5) to an integer times 5 
ms. D4 is an adjusting value and D2. D3 and D5 are 
generally times considerably shorter than the frame 
period. Therefore, it is actually sufficient to set the 
above time sum to 5 ms. Accordingly, tiie adjusting time 
04s5ms-D2-D3-D4 is formed. 
[01 06] Here. D3 and D5 are values known in advance 
from the design of a circuit of a base station or actual 
measurement. D2 is a propagation delay time between 
base stations and has different values in accordance 
wHh their distances and states. However, D2 is gener- 



ally several ^sec. Accordingly, no frame synchronous 
system is greatiy deteriorated even if this D2 Is 
neglected and is assumed to be zero. 
[0107] However, when it is not preferable to deterio- 

5 rate the frame synchronous system, an average delay 
time is assumed and may be provided as a fixed value. 
K a propagation delay anx)unt between tiie base sta- 
tions can be individually supposed, it Is further effective 
to use this supposed value. 

10 [0108] Namely, in a base station, the code of a control 
channel is generated in synchronization witii the frame 
timing of its own station and is transmitted as a control 
channel signal from an antenna. A transmitting side 
delay time from tills generation to this transmission Is 

IS known In advance. Further, a receiving side delay time 
from reception of tiie control channel signal at an 
antenna end to the detection of frame timing is also 
Vnown in advance. Furthermore, tiie propagation delay 
time between base stations is supposed. An adjusting 

20 time from tiie detection of the frame timing to the gener- 
ation of a frame timing signal is set to a value provided 
by subtracting the transmitting side delay time, ttie 
receiving side delay time and the assumed or supposed 
propagation delay time between base stations firom a 

2S frame period time. TThjs, tiie frame timing between the 
base stations can be more accurately set 
10109] Concrete examples for supposing tie above 
propagation delay time wiB next be described. 
[01 10] Several models showing damping chaiacteris- 

30 tics Of propagation in the air are known. For example, 
ttiere is a known model in which a damping amount is 
proportional to the 3.5 power of distance in a normal 
urban district space. In anotiier model, ttie damping 
amount is proportional to the third power of distance 

35 until a certain distance, and is proportional to the fourtti 
power of distance at this certain distance or nwre. In 
any model, an attenuation value Q can be presumed by 
a function of distance M. Namely, the attenuation value 
Q can be represented as foltows. 

40 

[01 1 1 ] Accordingly, if transmission power of tiie con- 
trol channel signal of a certain base station CSk is now 

4S set to PTk and reception power of this control channel 
signal In another base station CSm is detected as 
PRm.k. the attenuation value Qkm between tiiese two 
base stations CSk and CSm is calculated by 
Qkm=PTk/PRm,k. 

so [0112] In tills case, the reception power is greatiy 
changed by fading influences. Accordingly, it is neces- 
sary to receive plural control channel signals from one 
base station CS and set an maximum value of receiving 
levels of these control channel signals to PF^m,k. Thus, 

55 if an inverse function f ^0 ti^® above relation of dis- 
tance and the attenuation value is used, tiie distance 
Mkm between tiie base stations CSk and CSm can be 
calculated as follows. 
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Mkm-f (Qkm) 

[Oil 3] Namely, since the distance and the propaga- 
tion delay are set to the proportional relation, the propa- 
gation delay Dkm between the base stations can be b 
supposed If the transmission power of a partner tat>e 
station and the reception power to its own station are 
known. It Is generally considered that the relation of the 
attenuation value and the distance is shifted from the 
above-mentioned formula by an influence of multipass io 
caused t}y reflection on a building, etc. However, the 
base stations are anranged in places relatively seen 
through and there is a large possibility that direct waves 
are transmitted between the stations if a small attenua- 
tion value. I.e.. maximum receiving level, is used is 
Accondingly. a relatively correct propagation delay 
amount can be presumed. 

[0114] Since the transmission powers of all the base 
stations are generally equal to each other, the delay 
amount can be supposed If the reception power is 20 
known. With respect to this delay amount the propaga- 
tion delay time can be calculated by receiving a signal 
shewing a receiving level from the frame timing detec- 
tion/control circuit 54. For example, a memory table 
showing the relation between the receiving level and the 25 
propagation delay time is arranged In the frame timing 
oetecuorvcontroi circun 04. 

[0115] When no transmission powers of the base sta- 
tions are equal to each other, a signal directiy showing 
transmission power or a signal indirectly showing the 30 
transmission power such as a dass value for classifying 
the transmlsston power is inserted into an additional bit 
as one portion of contents of the control channel signal 
and Is transmitted. Thus, a correct attenuation value is 
known on a receiving side so that tiie propagation delay 35 
time can be supposed. 

[0116] When no signal showing the transmission 
power is transmitted in ttie control channel signal, a 
transmitting level can be known by a signal CS-ID show- 
ing a transmitting skie base station in the control chan- 40 
nel signal if a table showing adjacent base station 
numbers and transmitting levels is provided In the base 
station. Thus, ttie frame synchronization between the 
base stations can be more accurately performed. 
[0117] In a mettiod fbr presuming tiie propagation 46 
delay time in each of tiiese cases, It Is more preferable 
to select timing of tiie received control channel signal 
having a largest receiving level tfian to select earliest 
timing and explained by using FIG. 9. 
[0118] Next, how to cope with a case in which tiiere is so 
a base station on communication, i.e.. talking or trans- 
mitting data in the frame synchronous control period will 
next be explained. As mentioned above, ttie frame syn- 
chronous control period is set at mkjnight at which com- 
munication traffic is extremely tow. However, it cannot ss 
be bM that no communication is performed in the 
frame synchronous control period. When communica- 
tion is performed in the frame synchronous control 



period. It is very unpreferable In service to compulsorly 
stop tills communication. However. It is not preferable to 
leave a base station on communication as It is since 
each of surrounding stave base stations conforms ttie 
phase of frame timing to that of tiie frame timing of a 
control channel fransmitted from this base station on 
communication. 

[0119] Therefore, in this embodiment when a base 
station is on communicatioa an "on communication 
mode" showing on communication is set to an additional 
bit in the control channel signal and tiiis control channel 
signal is transmitted. When ttie ordinary frame synchro- 
nous control period is started on communtoation in each 
base station, or when comnrunication Is started In the 
ordinary frame synchronous control period, a frame tim- 
ing setting operation of the frame timing detection/con- 
trol circuit 54 is stopped and the present frame timing of 
its own station is maintained, and this communication is 
continued. When tills communication is terminated, ttie 
above "on convnunication mode' is released and a new 
frame synchronous control period is set The frame tim- 
ing detection/control circuit 54 Is tt^^n operated such 
tiiat control fbr setting ttie frame timing of its own station 
is executed by receiving a control channel signal from a 
surrounding base station in which ttie frame synchro- 
nous control is already terminated. 
[01 20) In contrast to ttiis, In ttie frame timing detec- 
tion/control circuit 54 during the frame synchronous 
control period, a base station adjacent to the base sta- 
tion on communication judges whettier or not the 
received control channel signal is transmitted from the 
base station on commmication from a state of ttie addi- 
tional bit of ttiis received control channel signal. When it 
is judged that the base station is on communication, this 
control channel signal is removed from a timing refer- 
ence of ttie frame synchronous control. Accordingly, 
when a base station on communication exisis around 
tiie base statton, ttie normal frame syrchronization can 
be performed wHhout any Influence of ttiis base station 
on communication. 

[0121] The frame synchronous system may be con- 
structed such that no new communication connecting 
request is received from a mobile statioa another base 
station, anottier network, etc. during ttie frame synchro- 
nous control period. In ttiis case, no new communica- 
tion can be performed during the frame synchronous 
control period, but ttie frame synchronous control can 
be efficientiy performed by communfoation control witti- 
out interruption. When the reception of ttie new commu- 
nication request is r^ected in ttiis way. an influence on 
the communication is small since the frame synchro- 
nous control period is a short time such as several sec- 
onds and the frame synchronous control is set In a 
period of small communication traffic. The above control 
is performed in tiie clock/control circuit 51 . 
[0122] The frame synchronous system may be also 
constructed such that talking Is allowed during ttie 
frame synchronous control period although this system 
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sGghtty becomes complicated. In this case, the control 
channel and a talking channel are set to different chan- 
nels and. e.g., a flag is set to rise to disaimlnate the 
control channel signal so as to simultaneously receive 
and transmK the control channel signal and take talk. 5 
The frame synchronous system may be also con- 
structed such that the frame synchronization is per- 
formed by the frame syrKhronous control signal 
simultaneously when the talk Is terminated. 
[01 23] The flag may be used as follows. To set to rise 10 
the flag specifying on communication to the control 
channel signal of the base station on communication is 
desabed above, and an object of the flag is to specify 
removing the control channel signal from timing refer- 
ence of the frame synchronous control. Therefore, the is 
eni)odiment descrOsed above can be reaGzed by chang- 
ing the meaning of the flag from 'on communication" to 
"tming reference prohibitfon". 
[0124! When the frame synchronous control period 
starts, all of the base stations start at a flag condition of 20 
"t'ming reference prohibition" whether on communica' 
tfon or not The base station not on communication is 
set to the all receiving mode, therefore ttie control chan- 
nel signal is not transmitted. The base station on com- 
munication outputs the control channel signal having 2s 
the flag of timing reference prohibition". The base sta- 
tion terminating tiie frame synchronous control tums off 
the flag of "timing reference prohfoition' and transmits 
the control channel signal. 

[0125] On the other hand, when communication 30 
request is received before terminating the frame syn- 
chronous control, the all receiving vno6e is canceled 
once and communication can be permitted. At tiiis time, 
the control channel signal is maintained in a timing ref- 
erence prohbition" condition. Then, ttie mode returns to 35 
the all receiving nrxxJe again after terminating the com- 
munication, and an operation can retum to an operation 
so the frame synchronous control. 
[0126] The present invention is not limited to tiie 
above enbodiment For example, the PH8 is explained 40 
as an example in tiie above enrtxxjimenl However, the 
present invention may be also applied to anottier TDMA 
mobile communication system such as a digital per- 
sonal handyphone system. 

[0127] The present inv€». .^o^ is also effectively applied 46 
to a case in which a multiple access system Is a system 
except for the TDMA system, e.g.. CDMA and FDMA 
systems. This is because the frame synchronization is 
required between base stations so as not to make a 
transmitting signal of anottier base station have an influ- so 
ence on a receiving signal of its own station if a TDD 
system is used in upward and downward transmissions. 
[01 28] Further, in tiie above embodiment, a communi- 
cation network connected to a base station is set to a 
wire communication network such as an ISDN, but may ss 
be also set to a communication network using wireless 
transmission. 

[0129] Furtiiemiore. the present invention can be 



embodied in various kinds of modifications within the 
scope not departing from the features of the present 
Invention. 

Claims 

1 . An inter-base-station frame synchronous system in 
a mobile communication system comprising: 

plural base stations dispersively arranged 
within a service area and connected to a com- 
munication network and having at least one 
master base station and plural slave base sta- 
tions; and 

plural mobile stations wirelessly connected to 

saki plural base stations by a time-divisfon bkli- 

rectional multiplex system, wherein 

said master base statfon comprises: 

time information receiving means for receiving 

time Information witti high predston externally 

supplied; 

reference frame timing generating means for 
generating reference frame timing for said 
time-division multiplex connection in synchroni- 
zation with predetermined synchronous setting 
timing set on the basis of sM time infomnation; 
and 

first control channel signal transmitting means 
for transmitting a control channel stgnal to saM 
plural stave base stations located around Its 
own station in synchronization with said refer- 
ence frame timing, wherein 
sakj slave base stations comprise: 
control channel signal obsenation period set- 
ting means in which a predetermined period 
from a first receiving time point of a control 
channel signal transmitted from sakl master 
base station or otiier slave base stations during 
sakJ frame synchronization control period is set 
to a control channel signal obsen«tion period: 
its own station frame timing generating means 
tor generating its own station frame timing on 
the basis of receiving timing of the control 
channel signal transmitted from said master 
base station or one of tiie ottier slave base sta- 
tions when only tills control channel signal is 
received during saki control channel signal 
observation period set tyy sakJ control channel 
signal observation period setting means. sakJ 
its own station frame timing generating means 
also generating its own station frame timing on 
the basis of one of receiving timings of control 
channel signals respectively transmitted from 
said master base station or plural slave base 
stations among the other slave base stations 
when ttiese control channel signals are 
received during saki control channel signal 
obsen/ation period; and 
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second control channel signal transmitting 
means for transmitting each control channel 
signal in synchronization with said Its own sta- 
tion frame timing after said control channel sig- 
nal observation period is terminated. 

2. The inter-base-station frame synchronous system 
of the mobile communication system according to 
claim 1, wherein the its own station frame timing 
generating means generates its own station frame 
timing in synchronization with the frame timing of a 
most advanced phase among plural frame timings 
based on the respective receiving timings of the 
control channel signals respectively transmitted 
from the master base station or plural slave base 
stations among ttie other slave base stations when 
these control channel signals are received during 
the control channel signal observation period. 

3. The inter-base*station frame synchronous system 
of the mobile communication system according to 
claim 2, wherein, when tiie control channel signals 
respectively transmitted from tiie master base sta- 
tion or plural slave base stations among tiie other 
slave base stations are received, the frame timing 
of a most advanced phase among the plural frame 
tnnngs based on the respective receiving timings of 
these control channel signals is discriminated as 
first frame timing within a period set at a frame Inter- 
val from a time point shifted by a time about half this 
frame Interval from a first receiving time point of tiie 
control channel signals during tiie control channel 
signal obsenmtion period. 

4. The inter-base-station frame synchronous system 
of the mobile communication system according to 
dalm 1, wherein the its own station frame timing 
generating means generates Its own station frame 
timing based on receiving timing at a maximum 
receiving level among the control channel signals 
respectively txinsmitted from ttie master base sta- 
tion or plural slave base stations among the otiier 
slave base stations when these control channel sig- 
nals are received during the control channel signal 
observation period. 

5. The inter-base-station frame synchronous system 
of tiie mobile communication system according to 
any one of claims 1, 2, or 4, wherein, when the 
communication between base and mobile stations 
is approximately performed at the same time point 
as ttie beginning of the ordinary frame synchroniza- 
tion conti-ol period, ttie frame synchronous system 
further comprises frame synchronous starting 
extending means for setting a frame synchronous 
control period after ttie communication between 
base and rrtibWB stations is terminated. 



6. The inter-base-station frame synchronous system 
off the mobile communication system according to 
dalm 5. wherein said second control channel signal 
transmitting means adds information showing 

5 whether the communication between base and 
mobile stations is performed or not or information 
showing whether it is suitable as reference of ttie 
frame synchronous control or not to ttie control 
channel signal. 

10 

7. The lnter-t}ase-station frame synchronous system 
off the mobile communication system according to 
daim 6. wherein said its own station frame timing 
generating means generates Its own station frame 

15 timing based on the receiving timing of only a con- 
trol channel signal to which information showing 
ttiat ttie communication between base and mobile 
stations is performed or infbmiation prohibiting 
becoming to reference of ttie frame synchronous 

20 control, is not added. 

8. The Inter-base-station frame synchronous system 
of the mobile communication system according to 
any one of daims 1 , 2, or 4. wherein the frame syn- 

25 chronous system furttier comprises talking connec- 
tion request reception Inhibiting means for Inhibiting 
ttie reception of a talldng connection request in at 
least a frame synchronous control period. 

30 9. The Inter-base-statlon frame synchronous system 
off the mobile communication system according to 
any one of claims 1. 2. or 4, wherein said seoond 
control channel signal transmitting means com- 
prises: 

35 

control channel signal generating means for 
generating the conti-ol channel signal in syn- 
chronization with ttie frame timing of Its own 
station: and 

40 timing adjusting means for variably setting 

transmitting timing of ttie control channel signal 
generated by said control channel signal gen- 
erating means on ttie basis of supposed delay 
information. 

45 

10. The inter-base-statlon frame synchronous system 
of the mobile communication system according to 
daim 9, wherein said timing adjusting means varia- 
bly or fixedly sets said ttansmitting time such that a 

so total time of a propagation delay time from a base 
station transmitting the control channel signal to Its 
own station, a detecting time required from a 
receiving time point off ttiis control channel signal to 
the detection of frame timing shown by this control 

55 channel signal, a generating time required from a 
detecting time point of this frame timing to the gen- 
eration of its own station frame timing, and a trans- 
mitting time until ttie control channel signal is 
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tranBtnitted in synchronization with this generated 
its own station frame timing, is an 8ut)stantialiy inte- 
ger timee a frame period. 

11. The inter-base-statlon frame synchronous system s 
of the mobile communication system according to 
claim 1 0. wherein sard propagation delay time is fix- 
edly set to zero or a predetennined value in each 
slave tsase station. 

10 

12. The inter-base-station frame synchronous system 
of the mobile communication system accordng to 
claim 10, wherein said timing adjusting means pre- 
sumes tiie propagation delay time of the control 
channel signal used to generate its own station is 
frame timing on the basis of a receiving level of the 
received control channel signal. 

13. The inter-base-station frame synchronous system 

of the mobile communication system according to 20 
claim 12, wherein the transmitting ^'^ of the con- 
trol channel signal is set to the same level in each of 
the master base station and the slave base sta- 
tions. 

2S 

14. The inter-base-station frame synchronous system 
of the mobile communication system according to 
claim 10. wherein said timing adjusting means pre- 
sumes the propagation delay time of the control 
channel signal used to generate its own station 30 
frame timing on the basis of a receiving level of the 
received control channel signal and information 
showing a transmitting level transmitted from a 
base station on a transmitting side in this confrol 
channel signal. 



A base station apparatus dtspersivety arranged 
wittiin a sendee area and used as a slave base sta- 
tion among plural base stations wirelessly con- 
nected to plural mobile stations by a time-division 
bidirectional multiplex system, the base station 
apparatus comprising: 

control channel signal observation period set- 
ting means in which a predetermined period 
from a first receiving time point of a confrol 
channel signal transmitled from other base sta- 
tions is set to a confrol channel signal observa- 
tion period; 

its own station frame timing generating means 
for generating its own station frame timing on 
the t>asis of receiving timing of the confrol 
channel signal fransmitted from one of said 
other base stations when only this confrol 
channel signal is received during said confrol 
channel signal observation period, said its cwn 
station frame timing generating means also 
generating its own station frame timing on the 
basis of one of receiving timings of oontrol 
channel signals respectively transmitted from 
plural base stations among said other base sta- 
tions when these control channel signals are 
received during said confrol channel signal 
observation period: and 
confrol channel signal fransmitting means for 
transmitting each confrol channel signal in syn- 
chronization witti said its own station frame tim- 
ing after said confrol channel signal 
observation period is terminated. 



16. The inter-base-^lation frame synchronous system 
of the mobile communication system according to 
daim 10. further comprising transmitting level infor- 
mation storing means for storing transmitting level 40 
information showing a fransmitting level of tiie con- 
trol channel signal In each of said plural base sta- 
tions, wherein 

in tiie rece'r -3d control channel signal used to 4S 
generate its own station frame timing, said tim- 
ing adjusting means judges the transmitting 
level of said received confrol channel signal 
with reference to tiie fransmitting level infonna- 
tion stored to said transmitting level information so 
storing means on the basis of discriminating 
information of a base station on a transmitting 
side fransmitted from tiie base station on the 
transmitting side in said control channel signal, 
and presumes the propagation delay time of 55 
this confrol channel signal from said transmit- 
ting level and the receiving level. 
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